ABSTRACT Day-old chicks were challenged with Campylobacter jejuni or Salmonella typhimurium or both to assess the influence of these two bacteria upon the colonization of one another. Median colonization dose (CD50), a measure indicating the number of organisms required to colonize one-half of the challenged chickens, was used to assess the influence of these organisms upon the colonization of one another. Chicks were gavaged with serial dilutions of 1) C. jejuni, 2) S. typhimurium, 3) dilutions of C. jejuni and a fixed level of S. typhimurium, or 4) dilutions of S. typhimurium and a fixed level of C. jejuni. Six days postchallenge, cecal contents were quantitatively assayed for the challenge organisms.
INTRODUCTION
Species of Salmonella have been established as causative agents of human foodborne illnesses and may be associated with the consumption of contaminated poultry. Similarly, species of Campylobacter, especially Campylobacter jejuni, have been demonstrated as etiologic agents in food-related illnesses over the past 13 yr. Campylobacterosis is thought to be responsible for more cases of gastroenteritis annually than salmonellosis and shigellosis together (Blaser et al., 1983) . In two studies published by the Centers of Disease Control in Atlanta, consumption of poultry was identified as the most likely risk factor associated with campylobacteriosis (Tauxe et al., 1985; Dealing et al., 1987) . In addition, both genera are commonly recovered from the same poultry carcasses at retail markets (Lammerding et ah, 1988) .
Because C. jejuni and Salmonella spp. are zoonotic, better control measures are needed to limit spread of these human enteropathogens during production. Either of the organisms may colonize the chicken gastrointestinal tract without detriment to the bird. Although diseased birds can be identified and removed, 790 asymptomatic carriers shed these microorganisms without detection, resulting in further contamination of live birds and cross-contamination of carcasses during processing. Therefore, means to decrease the incidence and severity of colonization in the chicken gastrointestinal tract by Salmonella spp. and Campylobacter spp. have been sought. One promising approach is the "competitive exclusion" (CE) technique. In this approach, subcultured intestinal contents from healthy, pathogen-free birds are administered to young chicks whose intestinal microflora have not yet been established (Nurmi and Rantala, 1973) . Establishment of this orally administered microflora protects the chick from colonization and infection by Salmonella species.
Suggested hypotheses for the success of CE have included the following: 1) CE flora might compete directly with the human pathogens for attachment sites on chicken intestinal epithelium; 2) CE might compete for available nutrients; or 3) CE might produce compounds antagonistic to the genera Salmonella and Campylobacter. Although substantially effective, the CE treatment calls for the use of an undefined material known as the CE culture (Pivnick and Nurmi, 1982) . Both the microflora composition and the resulting efficacy of the cultures to limit pathogen colonization are variable. An ideal solution to these complications would be to identify one organism or a set of enteric bacteria that would effectively compete with human pathogenic bacteria otherwise colonizing chicken intestinal epithelium.
In the present study, it was hypothesized that genera Salmonella and Campylobacter might compete with one another for epithelial colonization sites. The experiment was designed to assess the influences of combined challenges with these organisms orally administered to chicks. These experiments would determine the effect of the organisms on both the median colonization dose (CD50; a measure indicating the number of organisms required to colonize one-half of the chickens challenged) and colonization quotient [CQ; the geometric means of the number of target organism per gram of cecal content for all chicks in a particular group as presented in Stern et al. (1990) ]. The goal of the present study was to determine whether or not these pathogens interact antagonistically, thereby decreasing the incidence or level of colonization or both in the intestinal tract.
MATERIALS AND METHODS

Chicken Handling and Sampling
Chicks were obtained at a local hatchery on the day of hatch and were brought directly to our holding facility within 30 min. The chicks were housed in 4 ft 2 (3.7 m 2 ) wire floor Horsfal isolation units with 6 chicks per cage. Feed was tested to be free of Salmonella spp. and Campylobacter spp. The animals were provided ad libitum access to feed and water. The isolation units were ventilated with sterile high efficiency particulate air filtered air, and maintained at an ambient temperature of 37 to 40 C, with 12 h light and 12 h of darkness each day. Upon arrival at the isolation units, the papers lining the transport trays were cultured as described below to monitor for absence of indigenous C. jejuni or Salmonella spp. The chicks were allowed to adapt to the isolation unit for 24 h before challenge.
Challenge Protocol
Campylobacter jejuni isolate A74/C, previously described (Stern et al., 1988) , was grown for 18 to 20 h on plates of Brucella-ferrous, bisulfite, and pyruvate supplemented (George et al, 1978) agar at 42 C, under microaerobic atmosphere (5% 0 2 , 10% CO2, 85% N 2 ). Growth and purity of the organism was assessed by phase-contrast microscopical examination of the buffered peptone-suspended culture. Salmonella typhimurium CST (nalidixic acid-resistant isolate; Bailey et ah, 1988) was grown on brilliant green sulfa agar with 200 ppm nalidixic acid for 18 h at 37 C. The cultures were serially diluted to obtain desired challenge levels based upon the relationship of optical density and colony-forming units per milliliter (Table 1) . Cultures in test tubes were held on ice throughout the challenge preparation to prevent either proliferation or death. For the single bacterial species challenges, a 1:1 dilution with buffered peptone diluent was prepared. For the simultaneous Campylobacter and Salmonella challenge, a 1:1 mixture was prepared holding either the Campylobacter jejuni at a constant level while diluting with serial dilutions of the S. typhimurium or vice versa. Chicks were given .2 mL of bacterial suspensions by gavage at 24 ± 2 h posdiatch. Disposable sterile latex examination gloves were worn and changed between handling chicks from each isolation unit. The chickens were maintained with ad libitum access to feed and water for an additional 6 days.
Sampling Protocol
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S. typhimurium
been previously described (Bailey et al., 1988; Stem et al, 1988; Mead et al, 1989) .
Statistical Analysis
Data were analyzed using the Student's paired t test. The results obtained with the individual organisms were compared with the results obtained when both organisms were challenged simultaneously.
RESULTS
Data obtained in the present experiment indicated that cochallenge of day-old chicks with S. typhimurium and C. jejuni significantly altered neither the challenge dose required (P<.05) nor the level of colonization by either of the organisms (Tables 1 to 4) . The CD50 values of the groups of chickens challenged with the individual bacterial species were indistinguishable from those challenged simultaneously with S. typhimurium and C. jejuni (P<.05). Variation in the CD 50 and CQ was observed from trial to trial, although statistical analysis of data from all four trials indicated no significant effect (P>.05) was realized by simultaneous challenge of C. jejuni or S. typhimurium in the chicks. Also, level of colonization was generally related to the level of challenge, regardless of whether or not both organisms were involved in the challenge.
The CD50 for C. jejuni in 1-day-old chicks ranged from <8 cfu to 6.3 x 10 3 cfu, with a mean of 120 cfu, whereas the CQ ranged from 0 cfu to 6.3 x 10 7 cfu/g of cecal content over these four trials. The CD50 for S. typhimurium ranged from 13 cfu to 2.5 x 10 4 cfu, with a mean of 100 cfu, and the CQ ranged from 0 to 5.0 x 10 6 cfu/g of cecal contents in these four trials. In addition, infrequently a higher challenge dose resulted in fewer birds being colonized than a lower challenge dose (Table  2 ). In general, at the higher challenge doses, higher percentages of birds were colonized. Figure 1 illustrates the relations of colonization percentages (y axis) and challenge doses (x axis), which were used to determine the CD50.
DISCUSSION
One theory for the success of competitive exclusion is that competing microflora diminish available colonization sites for other microorganisms to which the chicken is subsequently exposed. Because of the lack of a significant difference between single species and cochallenged colonization in the present study, it can be inferred that genera Salmonella and Campylobacter do not compete or interfere with each other for the same attachment sites on or in the chicken gastrointestinal tract. These two organisms occupy separate niches within the gut, particularly within the ceca. Most strains of Salmonella adhere to the epithelium as it occurs in the upper portion of the villi. Invasive strains can colonize as intracellular parasites within epithelial cells (Benson and Eckroade, 1991) . Campylobacter, which has been experimentally proven to be attracted to mucin, is most frequently located within the lumens of mucus-filled crypts (Beery et al., 1988; Doyle, 1991) . Salmonella spp. may also occasionally exist in this niche, but this is a rare occurrence. Because the two bacteria are associated with different niches within the gut, no significant interaction between Salmonella and Campylobacter was observed.
Scientists studying the microbiological quality of poultry or intervention in pathogen colonization may be interested in simultaneously challenging experimental animals with both Salmonella and Campylobacter. The lack of interaction between these two bacterial species in colonization of die intestinal tract would allow for experiments involving simultaneous challenges with these two species. Simultaneous challenge would increase the efficiency of this type of research as information concerning both organisms could be obtained simultaneously with the same birds in one experiment. The present study indicates no antagonistic effect in colonization by either Campylobacter or Salmonella in day-old chicks when the animals are simultaneously challenged with Salmonella or Campylobacter.
